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Objetivos

@ Generales

Fomentar el conocimiento de las tecnologias dmicas entre los especialistas clinicos
|dentificar areas terapéuticas de interés
Facilitar de desarrollo de proyectos multidisciplinares basados en estas tecnologias

@ [Especificos
Dar a conocer a los profesionales sanitarios las posibilidades que las tecnologias émicas
ofrecen a nivel de investigacion y actividad asistencial

Ensefar a los profesionales sanitarios a diseilar protocolos y estrategias que les
permitan emplear estas tecnologias en sus proyectos de investigacion y eventualmente en
la practica clinica

Analizar e interpretar los resultados obtenidos mediante estas tecnologias

Francisco Garcia Medicina Personalizada:
Fgarcia@cipf.es Aplicaciones clinicas de las tecnologias 6micas
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Outline

1) Introduction to NGS Data Analysis
2) RNA-Seq Data Analysis

3) Resequencing Data Analysis

4) Omics Data Integration

5) Network Analysis



NGS technologies

How do these technologies work ?

Reference genome




NGS Data Analysis Pipeline

Fastq
Sequence preprocessing
¢ Fastq
Alignment
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Fastq format

= We could say “it is a fasta with
qualities”:
" 1. Header (like the fasta but starting with “@")
2. Sequence (string of nt)

|
= 3. “+4+"” and sequence ID (optional)
" 4. Encoded quality of the sequence

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

LUUE((((F*%4) ) %9%%++) (%%9%) . 1*** -+* ' 1) ) ¥ *55CCF>>>>>>CCCCCCCH5




BAM/SAM format

@PG ID:HPG-Aligner VN:1.0
@SQ SN:20 LN:63025520

HWI-ST700660_138:2:2105:7292:79900#2@0/1 16 20 76703 254 76= * 0 0
GTTTAGATACTGAAAGGTACATACTTCTTTGTAGGAACAAGCTATCATGCTGCATTTCTATAATATCACATGAATA
GIJGJLGGFLILGGIEIFEKEDELIGL)IHJFIKKFELFIKLFFGLGHKKGJLFIIGKFFEFFEFGKCKFHHCCCF  AS:i:254 NH:i:1 NM:i:0

HWI-ST700660_138:2:2208:6911:12246#2@0/1 16 20 76703 254 76= * 0 0
GTTTAGATACTGAAAGGTACATACTTCTTTGTAGGAACAAGCTATCATGCTGCATTTCTATAATATCACATGAATA
HHJFHLGFFLILEGIKIEEMGEDLIGLHIHJFIKKFELFIKLEFGKGHEKHJLFHIGKFFDFFEFGKDKFHHCCCF  AS:i:254 NH:i:1 NM:i:0

HWI-ST700660_138:2:1201:2973:62218#2@0/1 0 20 76655 254 76M % 0 0
AACCCCAAAAATGTTGGAAGAATAATGTAGGACATTGCAGAAGACGATGTTTAGATACTGAAAGGGACATACTTCT
FEFFGHHHGGHFKCCJKFHIGIFFIFLDEJKGJGGFKIHLFI)GIEGFLDEDFLFGEIIMHHIKL$BBGFFJIEHE  AS:i:254 NH:i:1 NM:i:1

HWI-ST700660_138:2:1203:21395:164917#2@0/1 256 20 68253 254 AMI1D72M * 0 0
NCACCCATGATAGACCAGTAAAGGTGACCACTTAAATTCCTTGCTGTGCAGTGTTCTGTATTCCTCAGGACACAGA
#4@ADEHF)JFFEJDH)GKEFIHGHBGFHHFIICEIIFFKKIFHEGJEHHGLELEGKJMFGGGLEIKHLFGKIKHDG  AS:i:254 NH:i:3 NM:i:1

HWI-ST700660_138:2:1105:16101:50526#6@0/1 16 20 126103 246 53M4D23M * 0 0
AAGAAGTGCAAACCTGAAGAGATGCATGTAAAGAATGGTTGGGCAATGTGCGGCAAAGGGACTGCTGTGTTCCAGC
FEHIGGHIGIGJI6FCFHJIFFL))C)GJHGFKKKKGIJKHFFKIFFFKHFLKHGKJL)GKILLEFFLIHJIEIIB ~ AS:i:368 NH:i:1 NM:i:4

SAM Specification:
http://samtools.sourceforge.net/SAM1.pdf

Francisco Garcia Introduction to NGS data analysis
fgarcia@cipf.es



VCF format

#fileformat=VCFv4.1

##f1leDate=20090805

##source=myImputationProgramV3.1
##reference=file:///seq/references/1000GenomesPilot-NCBI36.fasta
##contig=<ID=20, length=62435964,assembly=B36,md5=126cdf8abe0c7T379d618ff66beb2da,species="Homo sapiens", taxonomy=x>
##phasing=partial

#H#INFO=<ID=NS,Number=1,Type=Integer ,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1,Type=Integer ,Description="Total Depth">
##INFO=<ID=AF,Number=A,Type=Float,Description="Allele Frequency"=>
##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
##INFO=<ID=DB,Number=0, Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership">
##FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GT,Number=1,Type=5tring,Description="Genotype">
##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth"=>
##FORMAT=<ID=HQ, Number=2,Type=Integer,Description="Haplotype Quality"=

#CHROM PQOS 1D REF ALT QUAL FILTER INFO FORMAT NAOOOO1 NAOOOO2

20 14370 rs6054257 G A 29  PASS NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 0|0:48:1:51,51 1]|0:48:8:51,51
20 17330 . T A 3 qlo NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0|0:49:3:58,50 0|1:3:5:65,3
20 1110696 rs6040355 A G, T 67  PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:21:6:23,27 2|1:2:0:18,2
20 1230237 . T 47  PASS N5=3;DP=13;AA=T GT:GQ:DP:HQ 0]0:54:7:56,60 0]0:48:4:51,51
20 1234567 microsatl GTC G GTCT 50  PASS N5=3;DP=9; AA=G GT:GQ:DP 0/1:35:4 0/2:17:2

NAOOOO3

1/1:43:5:.,

0/0:41:3
2/2:35:4
0/0:61:2
1/1:40:3

http://www.1000genomes.org/



http://samtools.sourceforge.net/SAM1.pdf

Gene

Counts

.

Sample
Ensembl Gene.Name T1 T2 T3 T4 TS5 WT1 WT2 WT3 WT4 WT5 WT6
ENSMUSG00000000134 Tfe3 312 295 333 258 392 257 344 223 423 277 389
ENSMUSG00000000142 Axin2 165 171 138 166 203 170 172 119 203 147 178
ENSMUSG00000000148 Bratl 213 196 207 224 350 204 268 143 300 177 288
ENSMUSG00000000149 Gnal2 684 684 613 545 900 496 672 426 1023 L83 797
ENSMUSG00000000154 Slc22al8 3 2 3 2 2 3 3 2 1 1 3
ENSMUSGO00000000157 ltgbh2l 0 0 0 0 0 0 0 0 0 0 0
ENSMUSG00000000159 lgsfs 0 0 0 0 0 0 0 0 0 0 0
ENSMUSGO00000000167 Pihld2 15 19 6 10 9 5 5 5 7 6 6
ENSMUSG00000000168 Dlat 899 777 967 756 1116 777 1047 614 1155 894 1126
ENSMUSGO00000000171 Sdhd 1055 1003 1047 914 1430 939 1192 766 1390 916 1412
ENSMUSG00000000182 Fof23 1 0 3 1 0 2 0 2 2 0 0
ENSMUSG00000000183 Fgft 0 0 0 0 0 0 0 1 0 0 0
ENSMUSG00000000184 Ccnd2 1961 1978 1804 1779 2090 1655 2148 1585 2504 1895 2274
ENSMUSG00000000194 Gprl07 784 733 667 615 889 654 818 483 1034 627 1015
ENSMUSG00000000197 Malcn 1120 1009 1047 917 1356 1129 1202 758 1625 1127 1044
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General context

Sequencing Reads
Reference Genome

Individual A




Gene/transcript length dependence

= Counts are proportional to...
| the transcript length
- the mRNA expression level.

Array Data (Marioni) Sequencing Data (Marioni)
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Count Normalization

© Transcript length: within library

5 Library size: between libraries

" Many other biases ...
" Differences on the read count distribution among samples.
' GC content of the gene affects the detection of that gene (lllumina)
' sequence-specific bias is introduced during the library preparation
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Count Normalization

RPKM: Reads Per Kilobase of the transcript per Million mapped
reads

109 C
RPKM = 10" X <=7

C is the number of mappable reads mapped onto the gene's
exons.

N is the total number of mappable reads in the experiment.
L is the total length of the exons in base pairs.

Fragments Per Kilobase of exon per Million fragments mapped
(FPKM),

Francisco Garcia RNA-Seq Data Analysis
fgarcia@cipf.es



RNA-Seq Data Analysis Pipeline

Seguence preprocessing

Arewld

E 2. Mapping
v
L 3. Quantification

E 4. Normalization J
v

5. Differential expression
\ /

6. Functional Profiling

Arepuooss




Babelomics 5

Plataforma de analisis de

datos de Transcriptdmica, Protedmica

y Gendmica con diferentes abordajes
funcionales

http://babelomics.bioinfo.cipf.es/

Francisco Garcia Babelomics 5: analyzing omics data + functional profiling
fgarcia@cipf.es



Tool Interface

Babelomics 5

GENE EXPRESSION, GENOME
VARIATION AND FUNCTIONAL
PROFILING ANALYSIS SUITE

Processing

Expression

Functional



http://babelomics.bioinfo.cipf.es/
http://babelomics.bioinfo.cipf.es/

Supervised and Unsupervised Classification

CLUSTERING

2 2

UPLOAD NORMALIZE EDIT
DATA DATA DATA
4 4 4

#NAMES Kl K2 K3 K4 K5 11 12 13 14 15
TSPANG 203 198 194 176 202 157 190 200 201 208
TNMD 0 0 0 1 0 0 0 0 0 0
DPM1 66 85 89 82 80 a7 50 50 47 40
SCYL3 21 30 3 27 3 28 3 a7 15 21
Clorf112 10 12 8 1 18 17 22 12 12 19
FGR 19 28 18 20 10 47 50 43 49 48 . -
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Differential Expression

~ N
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Hands on

Babelomics 5

http://babelomics.bioinfo.cipf.es/

Processing / Normalization: RNA-Seq
Expression / Differential Expression: RNA-Seq

Online examples
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3) Resequencing Data Analysis

1) Pipeline Data Analysis

Z) BIERapp (Whole Exome Studies)

2) TEAM (Gene Panel).

/1) CSVS (CIBERER Spanish Variant Server), Genome Maps, Cell Maps.

4) Omics Data Integration
5) Network Analysis


http://babelomics.bioinfo.cipf.es/
http://babelomics.bioinfo.cipf.es/

Genomics Data Analysis Pipeline (1)

- 1. Sequence preprocessing
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Genomics Data Analysis Pipeline (2)

Preprocessing Mapping + QC Variant calling + Variant and gene

+ QC QC prioritization + QC
s Mapping (HPG) @ Calling and labeling @ Counts of sites with variants
a _ of missing values @ Variant annotation (function,
Sequence @ Remove multiple , Utative effect
cleansing mapping reads @ Calling SNVs and P _ .
» Base qualit indels (GATK) using conservation, etc.)
a Y ® Remove low 6 statistics based on || @ Inheritance analysis
@ Remove adapters quality mapping QC, strand bias, (including compound
@ Remove reads consistence (poor heterozygotes in recessive
duplicates @ Realigning QC callings are inheritance)

converted to

@ Base qualit e
d Y missing values as

recalibrating

@ Filtering by frequency with
external controls ( dbSNP,

FASTQ file well) 1000g, ESP) and annotation
@ Create multiple VCF -
BAM/SAM file with missing?SNVs ¢ BIERapp / TeAM
and indels @ GenomeMaps, CellMaps,
Babelomics, CIBERER
Spanish Variant Server
VCEF file

Primary analysis Gene prioritization

Resequencing Data Analysis




BIERapp:
Una herramienta web para la
priorizacion de variantes

http://ciberer.es/bier/bierapp



Introduction

Whole-exome sequencing has become a fundamental tool for the
discovery of disease-related genes of familial diseases but there are
difficulties to find the causal mutation among the enormous
background

There are different scenarios, so we need different and immediate
strategies of prioritization

Vast amount of biological knowledge available in many databases

We need a tool to integrate this information and filter
immediately to select candidate variants related to the disease

Francisco Garcia BiERapp: discovering variants
Fgarcia@cipf.es


http://ciberer.es/bier/bierapp

How does BiERapp work?

Variant Browser
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Input: VCF file

1. Sequence preprocessing

2. Mapping }

'

[ 3. Variant calling } ~ VICF files

\ /
[ 4. Variant prioritization } -

o




Input: VCF multisample

##fileformat=VCFv4.1

##fileDate=20090805

##source=myImputationProgramv3.1
##reference=file:///seq/references/1000GenomesPilot-NCBI36. fasta
##contig=<ID=20,length=62435964,assembly=B36 ,md5=f126cdf8a6e0c7f379d618ff66beb2da, species="Homo saplens", taxonomy=x>
##phasing=partial

##INFO=<ID=NS,Number=1,Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP ,Number=1,Type=Integer ,Description="Total Depth"=
##INFO==ID=AF,Number=A,Type=Float ,Description="Allele Frequency"=
##INFO=<ID=AA,Number=1,Type=5tring,Description="Ancestral Allele"=>
##INFO==1ID=DB,Number=0,Type=Flag,Description="dbSNP membership, build 129"=
##INFO=<ID=H2 ,Number=0,Type=Flag,Description="HapMap2 membership"=
##FILTER=<ID=q10,Description="Quality below 10"=
##FILTER=<ID=550,Description="Less than 50% of samples have data"=
##FORMAT=<ID=GT,Number=1, Type=5tring,Description="Genotype">
##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotype Quality"=
##FORMAT=<ID=DP,Number=1, Type=Integer ,Description="Read Depth"=
##FORMAT=<ID=HQ, Number=2, Type=Integer ,Description="Haplotype Quality"=

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NADOODOT NAOODO2

20 14370 rs6054257 G A 29 PASS N5=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ O|0:48:1:51,51 1|0:48:8:51,51
20 17330 . T A 3 ql0 N5=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0|0:49:3:58,50 0|1:3:5:65,3
20 1110696 rs6040355 A G, T 67 PASS NS=2;DP=10;AF=0.333,0.667 ;AA=T;DB GT:GQ:DP:HQ 1]|2:21:6:23,27 2|1:2:0:18,2
20 1230237 . T . 47 PASS NS=3;DP=13;AA=T GT:GQ:DP:HQ 0|0:54:7:56,60 0|0:48:4:51,51
20 1234567 microsatl GTC G,GTCT 50 PASS NS=3;DP=9; AA=G GT:GQ:DF 0/1:35:4 0/2:17:2

NAOOOOZ

141
0s0

141

143:5:.,.
:41:3

272:
0/0:

35:4
61:2

:40:3

One VCF (Variant Calling Format) file
for family or group




Getting iInformation

2 SIFT

SIFT predicts whether an amino acid substitution affects protein
function
Interpretation: 1 (tolerated) to O (not tolerated)

http.//sift.jcvi.org/ J. Craig Venter ‘

~ PolyPhen

Polymorphism Phenotyping is a tool which predicts possible impact
of an amino acid substitution on the structure and function of a
human protein

Interpretation: 1 (probably damage) to 0 (benign)

http://genetics.bwh.harvard.edu/pph2/index.shtml

- BiERapp: discovering variants




Getting iInformation

BLAST/BLAT | BioMart | Tools | Downloads | Help & Docume

Using this website EEULTHEVGD RO  Data access  AP| & software  About us Co n Seq uence type or effect

In this section A | Help & Documentation  Annotation & Prediction |
Data Description
Predicted Data
Import VCF script Ensembl Variation - Predicted data

Variation Sources

ST e r'

* regulatory region + 5 prime UTR + splice donor + splice region + 3 prime UTR
* TF binding site * initiator codon * splice acceptor * intron
* downstream
= intergenic * synonymous * stop lost
* upstream s missense * stop retained
* inframe insertion * incomplete terminal codon
* transcript/regulatory region /TF : ;T;ran::f:;:mmn
binding site ablation P g2t
: + frameshift
* mature miRNA )

+ NMD transcript coding sequence variant

* non-coding exon / transcript

http://www.ensembl.org/info/genome/variation/predicted data.html




Tool Interface

http://ciberer.es/bier/bierapp

% Menu BferApp"*"-’% Home

Try an Example

Here you can try all the filtering options and discover the gene affected in a test

Analyze your own families or case-control data

=% logout & upload &manage & profile = jobs @ support

I —.

BiERapp: discovering variants



http://www.ensembl.org/info/genome/variation/predicted_data.html

Tool Interface

¥ Mo BierApp@'-'@ Home !
Filter Wariant Browser
o P | & | Paze |1 a9 3]0 Variants 1- 10of25
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http://ciberer.es/bier/bierapp

Results

1. Summary. Description about number or variants, INDELs... Also a
distribution of consequences types.

Effects Consequence type
Mum variants: 1000 Samples
Wum zamples: 4 WAL1RSG00
MWum indels: 21 MATRGE0
Mum biallelic: 1000 MALRGA]
Mum multiallelic: 0 MALRGES

Wum transitions: T4E
Mum transversions: 231
T PASS: 1000
TiTw Ratio: 324

Aorg. Quality: 104620




Results

2. List of candidate variants.
We can order this list by several criteria.

Variant Browser

Page |1 of% | ) B [C Variants 1- 10 of £5
Varlant Alleles Gene Samples S.. Contraks (MAF) S. | P

MA19600 | MATP660 | NA17661 MA19685 1000G 1000G-AFR | 1000G-ASI 1000G-AME | 1000G-EUR | EVS

4103514558 T+C MFKB1 11 11 n 1 0042 (1) 00024T) 0.00014T) 00541(T) DOBF(T) 0058 e [«
7135047703 TsC CNOT4 1 11 n 11 0013 (T 0.055(T) 0.0001(T) 0.005(T) 0.000(T) 0012 e, . .
573981270 TC HEXE 1 11 n 11 00214T) 000z 0.0001T) 001941 0.04914T) 0031 e. 0. 0.
1109795608 T»C CELSRZ 1n 11 1n 11 0.070{T) 0.228(T) 0.004(T) 0.036(T) 0.036(T) D086 e. L. .
1770543950 T=C SLCamAll 11 11 11 11 Q0BT (T) 03444 000241 005541 Q0014 0104 a. 0. 0. =
15-5BETSETS C>T TMFB3T 1 11 n i1l 0054 {C) 015210 007eIC) 00B3IC) 0073 (C) 0066 e. O O
17-7EI5E538 Rt RMFZ13 1 11 n 1 0000 4] 000018 000018 000018 0.00018) . e. 0. L.
B145745182 T»C LRRC14 1n 11 1n 11 0.068(T) 0.010{T) 0.203(T) 0065 (T) 0.003(T) 0001 5. Q. .
10:12111050 TsC DHTKDL 11 10 1n o/l 00197 0o77IT 0.0001(T) 0008(T) 0.0001(T) 0033 e, 0. Q. |
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Variant Data




Results

3. Effects for each transcript where we detected a candidate
variant.

The plot shows MAFs for different groups (1000 Genomes, Exome
Variant Server)

Effects
Positiondhrstart.. | SNP Conzen. Type Aminozcd Change | Gene (Ergemblid] | Tramsaript Feature 4 Feature Namwe Feature Type Feature Biotype
1 LIoemeesdl-10e. ron symonymoes., HP-TOACCAR.,  CELSH2EMEGHD., EMSTOOOOCGTIZEZ  EMSEQOOOORSEZI4  (CELSRZ eAon prodein_coding
2 LI0ATERAN-ICA... regulatory_regio.. . . H& T me3 regulatory_region
3 LA0ATERAN-I0A.. regulatory_regio.. . . HA(35mel regulatory_region
4 LI0STRRACE-108..  redlTA4d SNPEOOOO0ERS) . . red 37444 Tp

] aom
foomeas Voo
LI0E-AE R _-u:m
— e
L00G-E1 -,Jm
cv: I
a om oy [ BL] az 1] a1 il ] o4 0.4 a3 [k a8 0 ar L] o3 am o3 os L

Miramum Alsls Freuency




Results

4. Visualization of candidate variants from GenomeMaps

Variant Data
Genomic Context. IE0
0 = + | 100 | Position:| 1:109795536-10979568 | Go! | ¢| € | 3 ||| @ | Search:[ gene. sp Q
Re=gion awerview Window size 7,249 nix
109,791,984 108,795,608 109,799,232
CELSR2 > [protesn_cading]

108,795,535 103,795,508 109,795 630
IACTEACCCCGATGAAGE(AECAATECC(AEATTATETACEAEATTUEEAGEGCAACATC(CTEAEET(TT%(AECTEGA(ATETT(T(CEﬂEEAE(TGACAECCCTGGTAEAETTAEA(TACEAEGACCEECCTEAETACETI
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Remarks

The proposed web-based interactive framework has great potential
to detect disease-related variants in familial diseases as
demonstrated by its successful use in several studies

The use of the filters is interactive and the results are almost
instantaneously displayed in a panel that includes the genes
affected, the variants and specific information for them

Candidate variants are new knowledge useful for future
diagnostic

Francisco Garcia

Fgarcia@cipf.es BiERapp: discovering variants



Hands on

http://bioinfo.cipf.es/apps-beta/cibererapp/beta/

- BiERapp: discovering variants



Hands on

Pedigree



http://bioinfo.cipf.es/apps-beta/cibererapp/beta/

Hands on

Case 1.

= Dominant heritage NAL9660 NA19661

How many variants? 14 Q@
Case 2. @ i

NAI19600 NA19685

o Recessive heritage

How many variants? 3



Hands on

Case 3.

= Dominant heritage NAL9660 NAL9661

o Rare disease (MAF < 0.1) Q@

How many variants? 7

case s .

NA19600 NA19685

o Variants in mother and
daughter at the same time

How many variants? 85



Hands on

Case 5.
O Variants Iin mother and — o
daughter at the same time

5 Only in chromosome 4 Q@

How many variants?

Case 6. @ i

NA19600 NA19685
o Variants in mother and
daughter at the same time

= Only Iin these (genes:
HEXB,NFKB1,KLRC3

How many variants?



TEAM:

Una herramienta web para el disenoy
gestion de paneles de genes en
secuenciacion dirigida
con aplicaciones clinicas

http://ciberer.es/bier/team

- TEAM: Targeted Enrichment Analysis and Management



Introduction

* Development of high throughput sequencing technologies:
-~ Rapid and economical genome sequencing.
+~ Disease targeted sequencing: powerful and cost-effective
application.

* Vast amount of biological knowledge available:
- HGMD-public, HUMSAVAR, ClinVar, COSMIC.

* We need a tool to connect sequencing data and biological
knowledge for diagnostic:
~ TEAM (Targeted Enrichment Analysis and Management).

- TEAM: Targeted Enrichment Analysis and Management


http://ciberer.es/bier/team

How does TEAM work?

\ N = - -, .
Diagnostic:  Retinitis

Chromosome Position SNP Id Ref

. VCF files
2. Gene panel

129247734
129247734

129247734

129247734

v




How does TEAM work?
http://ciberer.es/bier/team

1. Defining panel 2. Uploading input data
TEAM

Panels

Mew Panel |mport Panels Save Panels  Clear Panels

Example Data

User-defined || Examples |

Search
LEILE Panel: | Panel Retinitis Pigmento: v ‘
RETINITIS_panel10 @@ VCF File: ‘C:\fakepath\patientlfR.vcf H Browse...
‘ Run | ‘ Reset ‘
3 .
. Getting results
Results
Diagnostic || Secondary findings ‘
Chromosome  Position SNP Id Ref Alt Gene Conseq. 1 Phenotype
= gene: (1 Item)
1 3 129247734 . T C . exon_... RETINITIS PIGMENTOSA 4
= gene: RHO (3 ltems)
2 3 129247734 . T C RHO exon_... RETINITIS PIGMENTOSA 4
3 3 129247734 . T C RHO exon_... RETINITIS PIGMENTOSA 4

4 3 129247734 . T ] RHO exon_... Retinitis pigmentosa type 4




How to define a panel?

Panel Manager

1. Name — .. »

of panel

2. Diseases

'RETINITIS_10

Diseases (Drag)
Mame

%]

Ataxia_and_retinitis_pigmentosa_with_isolate ...

[» |

Hypoprebetalipoproteinemia, _acanthocytosis, ...
Juwenile_retinitis_pigmentosa,_AlIPL1-related

Meuropathy_ataxia_retinitis_pigmentosa_syn...
POSTERIOR COLUMN ATAXLA WITH RETIMI...
Polyneuropathy, hearing loss, ataxia, retinitis ...

RETINITIS PIGMENTOSA 1
RETINITIS PIGMENTOSA 11
RETINITIS PIGMENTOSA 12

—RERITIS PIGMENTOSA 14

RETINITIS PIGMENTOSA 17
RETINITIS PIGMENTOSA 18
RETINITIS PIGMENTOSA 19
RETINITIS PIGMENTOSA 2

RETINITIS PIGMENTOSA 25
RETINITIS PIGMENTOSA 26
RETINITIS PIGMENTOSA 27

Primary Disease (Drop)
RETINITIS PIGMENTOSA 10
RETIMNITIS PIGMENTOSA 13

(] Genes
IMPDHL
PRPFB

RETINITIS PIGMENTOSA 20

Mutations

RPEEGS

Gene

@) Text

|

000

3. Adding:
- more genes
- mutations

i) Bed

BRCAZ PPL

'RETINITIS

Add Mutation

| | Add Genes |

Sift: |

PolyPhen: |

Pl

/

4. Save panel

Add new panel ||

Clear || Close |



http://ciberer.es/bier/team

How to define a panel?

Add mutation [=]
Chr:  Pos: Ref: Alt: Gene Name: Disease Mame: H
'8 | 55539395 BSE [T . RPL | Lung cancer 2 | Addlng .
| Reset || Cneck || Add Mutatin | new mutations
-
-_.|. | € > ¥ Search: gene snp.. Q
Region overview Window size: 583 nts -
] 55.239.104 55.5359.395 55.539.686
55,539,359 55,539,395 55.539.431 )
E Sequence T AAGCACATAACTARAATTGCCGGTTTGAICAGGAGATAATCTATGTAAAGAGGGAGATAAGTCTTT. CheCkIng
o I - mutations from
Genome Viewer
-
|
ﬂ 5NP p gsp g 55530357 Fesa0s1614 Fea00135800 Thsmasasay
§_55539353 ro202016292 201613551 203860 202057087
20226256
. T 855539394 Genome Viewer




Results

| Diagnostic || Secondary findings

Chromosome SNP Id Ref Alt Gene Conseq. Type Phenotype A. Web resu ItS
= gene: (1 item) -
1(3 T c . exon_vari... RETINITIS PIGMENTOSA 4

= gene: RHO (3 ltems)

~< Variant Effect - 3:129247734

__________ 3 Position chrstartend (strand)  SNP Id Conseq. Type Aminoacid Change [
1 3:120247734-129247734 (+)  CM920608 SMNP (S0:0000694)
2 3:129247483-1209247937 (+) synonymous_codon (50:00...  P/P-CCCI/CCC (53)
3 | 3:1129245550-129248350 requlatory _region_wvariant (...
4 3:129247734-1209247734 (+)  rs2B033385 SNP (S0:0000694)

Diagnostic: Retinitis

Chromosome Paosition SNP Id Ref Alt Gene Con

13 129247734 . T C . ﬁ‘;’r'

B PDF re Ort 2|3 179247734 ) T B RHO g"mﬁ
. p 33 129247734 . T [od RHO 3‘;‘
> 43 129247734 . T B RHO i




Remarks

TEAM is an free and easy-to-use web tool that fills the gap
between the enormous amounts of data in targeted enrichment
sequencing analysis and the biological knowledge available.

TEAM provides an intuitive environment for the clinician in
which unprocessed data on patient’s genomic variation can easily be
transformed in a diagnostic.

The entire patient's sequencing information is managed locally thus
avoiding any problem of data privacy or confidentiality.

Francisco Garcia TEAM: Targeted Enrichment Analysis and Management
Fgarcia@cipf.es



Next improvements:

= Inclusion of a database with public panels

genes of various diseases.

o Comparative Analysis
for groups of panels.

J Visualization results.
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Hands on

http://ciberer.es/bier/team

Download example data from TEAM (3 VCF files).

Select the panel for Retinitis Pigmentosa and
evaluate all three samples. Do you have variants
related to Retinitis for each of the three patients?

Generate a PDF report for each patient including
variants related to diagnostic and secondary findings.

Desigh a new panel for Usher disease.

Francisco Garcia TEAM: Targeted Enrichment Analysis and Management
Fgarcia@cipf.es



CSVS:
CIBERER Spanish Variant Server

Repositorio de frecuencias de variantes
en la poblacion espanola

http:/Icsvs.babelomics.org/


http://ciberer.es/bier/team

Two Initial repositories

1) http://www.ciberer.es/bier/exome-server/
2) http://bioinfo.cipf.es/apps-beta/spv/1.0.1/

Spanish Population Variability

N

Reload Clear
Variant Alleles SNP Id Gene Genotypes
Region/Gene —] MAF
0/0 0/1 1/1 A
* Region _ Gene
2:14004 G 266 1 0.002
Enter regions (comma separate: 214190 osT 266 1 0,002
. >
2:1-1000000 ’ ’
2:14238 G 266 1 0.002
2:14294 G=A 266 1 0.002
2:14309 G=A 266 1 0.002
Controls
ﬂ 2:14485 T=C 240 27 . . 0.051
2:14489 AxG 265 2 0.004
2:41366 FAM110C 259 é 0.019



Tool Interface

Spanish Population Variar

CLEAR SEARCH
1000G EVS -
L Genotypes Freq. Genotypes Freq.
Position =D SEEIET | EIEE = ~LI 00 01 Ul Ofreq 1freq MAF | 00 01 11 Ofreq 1freq MAF
1 17483 =T 403 1 . 0.917 0.083 0.083
Chromosomal Location: 1 18422 T=C 387 & 1 0.733 0.267 0.267
1:1-100000 1 18256 TG 403 1 . 0,633 0.033 0.033
1 18256 T>C 304 10 . 0,633 0.333 0.333
1 18034 =T 401 3 . 0.800 0100 0.100
Gene: 1 17338 c=A 399 5 . 0.833 0167 0.167
BRCAZ . PPL 1 15974 =T 394 10 . 0667 0.333 0.333
1 15808 =G 383 9 - 0.567 0.433 0.433
1 16794 G=A 403 1 . 0.957 0.033 0.033 | ook
Search gene Q 1 16610 o>T aoz . 2 0867 0133 0.133 . o
a4 x = e n -
, 4| >
Studies ) )
Genomic Context Effect Frequencies Phenotype 00k
-
Mgp |:| ) i . .
Gene Mame Ensembl Gene id Ensembl Transcript Id Conseq. type Relative Position Codon Strand A Position A
v P
. Virginia Munes « . page| 0 of 1 s »
ﬂ Miguel Angel Moreno ) [
Variants per Study H 400K
Aurora Pujol
Ester Lopez: 83839 -
ﬂ Francesc Palau M. Jesus Melia: B?UZZ . Mgp: 710983

Jordi Surralles: 302224 -
Placido Navas: 76094 —
) Carmen Espinos: 62509
Diseases Daniel Grinberg: 280912

Rafael Artuch: 446795

= 200k
Virginia Nunes: 1235820
Miguel Angel Moreno: 125208
|‘ . Aurora Pujol: 127164

Jose Maria Millan: 161126 Carmen Ayuso: 232752

l:l Healthy Population

L

Francesc Palau: 150832 Ok
~ Roser Gonzalez: 117166

Magdalena Ugarte: 225402

— Antonia Ribes: 242072

Variants

Aitor Delmira: 377232

http:/Ibioinfo.cipf.eslapps-beta/spvs/1.0.0/



http://www.ciberer.es/bier/exome-server/
http://bioinfo.cipf.es/apps-beta/spv/1.0.1/

Hands on

http://csvs.babelomics.org/

1) How many variants do you find in region:
1:24400-700007 (33 variants)

/) What information does CSPS give us for
this position 1:245367 (Effect, phenotype...)

- CSVS: CIBERER Spanish Variant Server


http://bioinfo.cipf.es/apps-beta/spvs/1.0.0/

Genome Maps

Visualizador genomico que interactua
con bases de datos funcionales

http://genomemaps.org/


http://csvs.babelomics.org/

Tool Iinterface

Genome Maps Homo sapiens GRCh37.p10
I ¥ = - (3

Homo sapiens GRCh37.pl0~ Chr 13~

Region overview
2,594,929

+ F'Dsitim:| 13:32889611-32973805

Window size: 673,559 nts
32,931,708

inCRMA]

| Go!

«€ < PM»W OO- T seach gene o

TNADPILZ [protein_coding]

TP8AZP2 = [pseudogene]

' SNORA16 [snoRNA]

-

1 = [pseudogene]

protein_coding]
P11-298P3.4 [processed_transcript]

Detailed information
2,889,611

Sequence

Zoom in to view the sequence

Gene

T T T T F——

SHP il

Window size: 84,195 nts
32,931,708

home  documentation

sign in

tutorial  about

qQ

[ﬁ Configure

Active tracks
a Seguence
a Genel/Transcript

“ SNP
a Mutation

0000

Add new tracks from CellBase and DAS

Import data



http://genomemaps.org/

Hands on
http://genomemaps.org/

1) Visualize this region: 1:100000-200000
2) Visualize this gene: LIN28A

3) Add new traks: miRNA, TFBS




Cell Maps

Herramienta de modelizacion y
visualizacion de redes biologicas

http:/icellmaps.babelomics.org/


http://genomemaps.org/

Cell Maps

Es wuna herramienta que permite la Iintegracion,
visualizacion y el analisis de redes biologicas.

El input es un fichero donde Indicamos las relaciones
entre los nodos de nuetra red. Opcionalmente
podemosincluir un fichero con los atributos de cada nodo.

El output grafico es una red en la que se muestran las
relaciones de los distintos nodos que la integran.

Tutorial: https://github.com/opencb/cell-maps/wiki

Francisco Garcia Cell Maps
Fgarcia@cipf.es


http://cellmaps.babelomics.org/

Tool Interface

File ~  Metwork ~  Attributes ~«

Analysis ~  Examples «

IR TR AR IR ARE CRal> H#EFF C~ 5 + @ ualization Settings

Modes Edges | &~ | O~ | @~ #FFFFFF O~ T~ | 14 v | Search Label attr: | Mame v
Label offset: | O 0]
Label size: | 15 Select attribute | | o | &
Opacity: | 1 Select attribute | | &
Shape: circle | Selectattribute | &
Color: SFFFFFF || Select attribute | | & | &
B #8BEBBE | Seclect attribut O
Inuulin=Tisc: Cale ux in docked grasule Lzt . ect attribute || 4 || &
:. Size: 40 Select attribute | o &
Trawarasl of the corticsl sctin nErlc asd dockisg st plisma mentrase Stroke size: | 2 Select attribute || 9 ||
Frocmxing of P'Eul.tn to Tasulis Area: | 1 Select attribute | | o | &
:""“"'“E}m Feneies "““ tan Strokearea: | 1 Select attribute || 4% || &
Pﬂctnlul'.n-ILm-tEtﬂlm (granula) x SdEEL

Traralo<stion of Inaulin ".-lEnry Crarules to Call Cortex

Tranzpart of P-ctnlul'.n-ILm-!JLnll.G'ulm tn Immaturs Secrebzry Gramels Y Select... e

:rul.m.u'l.l.nn.- banded) EeiaE °EI formation

Prbl1m'.1.1-£l.nc-E Complex {golai)
Tranulacation of Cyntise-Sonded Prul.rn.J'.LEm tae Endoplaemic Retlculum o the Colgl Label attr: | Id -
Fermation of P'M.“l.lEI'.M-I'.I'.I’.'.I- Complex - .
Labelsize: 0O Select attribute | | 9 | &
Pr-:'.nlul.'.n barded)
€ r@p Opacity: | 1 Select attribute || 4 || &1
xtdatizn of I:!.'l':-ll.m':l:.t'.m ia Protraslin Shaft: solid - Select attribute a0 ‘._.I
Head: | directed ~ || Sclectattribute 9 | &
PE:P
Bidirectional: | false w || Select attribute | 2 | &
Color: [ seetee | selectawibue | @ @

Size: 1 Select attribute |

[EF



https://github.com/opencb/cell-maps/wiki

Cell Maps: Inputs

- |50:0000001

G0-0003674

s
G0:0000001 PP GO: 0005575
G0:0000001 Pp GO: 0008150
60:0003674 PP GO: 0004871
GO:0004871 Pp G0:0038023 ; ; |
~ G0:0038023 PP GO:0004888
GO:0004888 PP GO: 0004930
60:0003674 PP G0:0097367 . .
— I pialorind2 descrpior
GO 0005575 op GO:0031514 0.001 0.16 motile cilium
' G0:-0005575 pp GO:0000793 0.013 0.129 condensed chromosome
GO: 0005575 pp GO:0043025 0.001 - 0.1 neuronal cell body
GO: 0042995 pp GO:0030425 0003  0.094 dendrite
GO:0043005 pp GO:0044456  0.026  0.086 synapse part
G0:0042995 pp GO:0043005 0.000  0.08 neuron projection
- G0:0005575  pPp GO:0042995 0.001 0.067 cell projection
| | GO:0005856 0.044

(0059 cytoskeleton




Cell Maps: outputs

l‘n‘rﬁams’gnalingreoq)tmacﬁvﬂy

B G-protein coupled recaptor activity
‘ngmuq)tmachvﬂy
' transducer activity ide binding
carbohydrate derivative binding
Medecular Function
dne-mediated signaling pathway
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s.ha neduction

regulaticn of 5 fic transmission
] ynaptic adenylate cyclase-modulating G-protein coupled receptor signaling pathway
c.nsnmesegiqabml
’rrlmmcatnn
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loticy e
‘.gm_ﬁ il differenciation

A.#P'm h.se of mitotic cell cycle
'yh)s&ﬂehnugan’uﬁnn
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Gene Ontology — Biological Process
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o
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. c.nseddmrmwm

Insulin:Zinc:Calciv] Complex in docked granule

)

Traversal of the cortical actin nErk and docking at plasma membrane

ExucLex
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Translocation of Insulin 5e ory Granules to Cell Cortex

Transport of Prn'lnsu'l.i.n-I"Lm:-[all:lup'lex to Immature Secretory Granule
Pretnsuhnne bonded) ExocysE formation

Complex (golaoi)

ne-bonded Prnr'Lnsulium the Endoplasmic Reticulum to the Golgi
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Outline

1) Introduction to NGS Data Analysis
2) RNA-Seq Data Analysis
3) Reseqguencing Data Analysis

4) Omics Data Integration

1)Ad-hoc approaches
2)Multidimensional Gene Set Analysis
3) Functional Meta-Analysis

4) PATHIVAR

5) Network Analysis



Omics Data Integration

Patient

Technologies Data Analysis

Histone
modification

Transcription
Factor binding

Integration and interpretation

Molecular and
clinical model




Ad-hoc approaches (1)

Chip-Seq & RNA-Seq

Chip-Seq RNA-Seg

v

/ Blndlng sﬂes\
\ of mterest /

WT WT + TF

Transcriptional
Profiles:
UP or DONW




Ad-hoc approaches (2)
Exome & RNA-Seq

pat pati

patient

pati :
patl patient

Exome

RNA-Seq

¢

Exonic causative
mutations

s Intronic causative

mutations

Integrated analysis of whole-exome sequencing and transcriptome

profiling in males with autism spectrum disorders
Marta Codina-Solat2Z, Benjamin Rodriguez-Santiago®, Aida Homs:22, Javier SantoyoZ, Maria RigauZ.
Gemma Aznar-Lain®, Miguel del Campol2., Blanca Gener2, Elisabeth Gabau?, Maria Pilar Botellal2,

Armand Gutiérrez-Arumit22 | Guillermo Antiftolol22 Luis Alberto Pérez-JuradolZ2” and lvon Cuscali”

WES (n=36) Transcriptome Sequencing (n=32)
____________________ ey I T —
J 1 Exprassion quantdication
CNV | SNV Variant Caling
I ’ Cuffirks
%= 26605 8Nvs -+ CROSS VALIDATION & = 50422 SNVs RABT assamély
\ariant fitering. ]
*SNVs Spanish contrals l l l
- SyPamymELE p .
+ LaF tolarant ganes Dittarantial | | A.Iihlp-l::: | | mm:u | | Isofam
< BENPIIS, EVE, 10000 |:m|||-ui¢n BEpress wlln | analysis
Data nomnalization Srngent |
modal I " el - Exorme het SHPs. quality PRare isaform
Maovelvarignts  Mom or compound het l fittering fiRering selection
[MAF<0.002) DMA DP15 & 0.32480.7 ]
EXPRESSION T ) |
DP>15 in DNA
#=738NVs +— CONSEQUENCESOF . _ Seneswin g0 H ek
RARE VARIANTS e SNP and :
Priceilization - §0or =2 50 ' unique SHY S
+ ¥elinked ganas e i ~ Expression AB raio fitering |
SLEc YT " RARE VARIANTS ASE i ' Lo
+ASD candidate - SNV annotation [Irdranic regions
genes H‘“—-,__ﬂ_ and priorilization  meluded)
L 'l“""' =0} SNPs01-08  SKPs<DtorDE | |
—
=l 1
. Mencallslic Biallelic || Aberrant
Valdation and segregaticn studies prceerere el Re3oms || ameipes
Figure 1 Workflow of the Omics approach used to define the likely pathogenic genetic variants and transcriptomic consequences in
the studied ASD cohort.




Multidimensional Gene Set Analysis

MicroRNA-Seq & mRNA-Seq

Patterns
(pat?e:n?yh)
miRNA1 0.5 y
- - mlRNAZ 1 . 2 (p“léiim (Pﬁlgigqm
» MiRNA3 1.3 B = b
miRNA4 1.7 ok
microRNA- Seq ' r
/ Ra n k| ng \ >
\ | ndex/{/ / Log istic \ @
Case Control Reg ression =
\ /
Genel 0.01 .
——p»  (Gene2 0.04
Gene3 0.09 .
mRNA-Seq Cened 0.2 Functlonal
annotation




Multidimensional Gene Set Analysis

MRNA-Seq & genotyping association

Genel  0.01 =N Patterns
Gene2 0.04 T T
Gene3 0.09 atuan it
——» Gene4 0.2 b, —— — 5,
B<0 B<0

MRNA- Seq
/ Ranklng\ >

\\ Index - Logistic
Case Control 1 Regrgessmn\ @
SNP1 1.05 \ . ~

—» SNP2 1.23
SNP3  1.59

genOtyplng SNP4 2:35 Functional

annotation




Functional Meta-Analysis

N mRNA-Seq studies

Case Control |, Differential | Functional
Expression Profiling @

MRNA-Seq -
Case Control Differential . Functional

mRNA-Seq Expression Profiling

> .

Case Control [E)ifferen.tial . Eu nfglt.ional  Meta- -

MRNA-Seq Xpression rofiling ~ Analysis
Case Control Differential _ Functional -

> . -
MRNA-Seq Expression Profiling .




PATHIVAR: mutations and expression

© PATHIVAR estimates the functional impact that mutations have over
the human signalling network.

© PATHIVAR:
Analyses VCF files
Extract the deleterious mutations
Locate them over the signalling pathways in the selected tissue
(with the appropriate expression pattern)
Provide a comprehensive, graphic and interactive view of the
predicted signal transduction probabilities across the different
signalling pathways.

http://pathivar.babelomics.org/



How does PATHIVARK work?

- PolyPhen
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http://pathivar.babelomics.org/

PATHIVAR

nactive — WO Signal transduction
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Outline

1) Introduction to NGS Data Analysis
2) RNA-Seq Data Analysis

3) Resequencing Data Analysis

4) Omics Data Integration

5) Network Analysis



Protein-Protein Interactions (PPI)

= PPIls are a central point at almost every level of cell function:
" Structure of subcellular organelles (structural proteins)
' Packing the chromatin (histones)
© Protein modifications (kinases)

= Retrieving information about a single protein....

5/27T Interacting proteins for BRCA1 {Ewspnmuuamag

Interactant
|GeneCard| External ID(s)

Interacti

NBN  |ENSPo0000265433%|STRING

TOPBP1 ENSPO000026081 Dg STRING {SI:HE:_QQQ

UBA1 ENSPGMBMIBE STRING {scure:ggg}

UBE2D1 ENSPGGUWWSBEEE STRING (score=.999)
GADD45A FNSP'DGUWSEWEEE STRING (score=.998)
|About this table




Protein-Protein Interactions (PPI)

© How to extract information about sets of genes?

= How to perform functional enrichment analysis
using protein-protein interactions as annotation source?

= How to prioritize candidate genes?

= How to get new functional candidate genes?



Graph Theory

Set of proteins interacting

Undirected graph

N

Nodes = proteins
Edges = interaction events

structured data

- Network Analysis in Babelomics 5



Graph Theory

Graph theory may help us to study protein networks.
Some interesting parameters:

- Degree (connectivity or connections): number of edges
connected to a node. Nodes with high degree are called hubs.

- Betweenness: A measure of centrality of a node, it is defined
by:

o is total number of shortest paths in

the graph.

0. (V) is the number of shortest paths that pass
through node V




Graph Theory

- Clustering coefficient (of a node): A measure of how
iInterconnected the neighbours of that node are. Proportion of
links between the nodes within its neighbourhood divided by
the number of links that could possibly exist between them.

_ S
) i
Py
:
~ :

De; e, is the number of edges among the nodes
i — 1) connected to node 1
o n, is the number of neighbours of node i

C; =

c=1/3

To differentiate between star-shaped nets and more

interconnected nets.

¥
oo Nevworkambsisissbelomicss




Graph Theory

Some Graph Theory concepts:

Shortest path. The path with less edges that connects two nodes.

Component. A group of nodes connected among them.

Bicomponent. A group of nodes connected to other group of
nodes by only an edge. The edge that joins two bicomponents is

called articulation point.



Interactome & Transcriptome

- Interactome. Complete collection of protein-protein
interactions in the cell.

- Transcriptome determines the real interactome.

Network Analysis in Babelomics 5




Interactome & Transcriptome

Goal

To develop a methodology that may extract from lists of
proteins/genes the ppi networks acting and evaluates whether
they have importance in the cooperative behaviour of the list.

How we evaluate the cooperative behaviour of a list of
proteins/genes in terms of its ppi network parameters?

Two different approximations

* Importance in complete interactome

* Cooperative behaviour - Minimal Connected Networlk



Network Analysis: SNOW

#
Babelomics 5

http://babelomics.bioinfo.cipf.es/

Functional / Network Enrichment:
SNOW



Hands on

There is a well-known list of 72 genes related to eye diseases (ABCA4,
ABHD12,ADAMTS18,AIPL1,BBS1,BEST1,C20rf71,C80ORF37,CA4,CABP4,
CEP290,CERKL,CHM,...)

Now we have a two new candidates: RHO and TULP1 . We would to
know what is the relationship between all genes.
Also it would be interesting to explore new functional candidates.

Strategies from Babelomics?
» Single Enrichment
» Network Enrichment

Francisco Garcia

ISCO & Network Analysis in Babelomics 5
Fgarcia@cipf.es


http://babelomics.bioinfo.cipf.es/
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Hands on

RHO TULP1

ABCA4 MERTK

ABHDL2 - weDZ ©

AIPL1 NR2E3

BBS1 NRL FA

BEST1 OFD1 -

C20rf71 PDEGA

C80RF37  PDEGB

CcA4 PDEGG

CABP4 PRCD

CEP290 PROM1 OPOR
CERKL PRPF3
CHM PRPF31

CLRN1 PRPF6
CNGA1 PRPF8

CNGE1 PRPH2

CRB1 REBP3

CRX RD3

CYP4V2  RDHI12 sirapo
DHDDS RGR

EYS RLBP1
FAM161A  ROM1

FSCN2 RP1

GUCA1B RP2

GUCY2D  RP9

IDH3B RPEG5 @

IMPDH1 RPGR

IMPG1 RPGRIP1

IMPG2 SAG

IQCB1 SEMAJA @ &

KCNJ13 SNRNP200

KLHL7 SPATAT

LCAS TOPORS

LRAT TTCS

MAK UsSH2A




More info + questions

Nucleic Acids Research Advance Access published May 26, 2014
Nucleic Acids Research, 2014 1

doi: 10.1093 Inarlghkud 72
A web tool for the design and management of panels
of genes for targeted enrichment and massive
sequencing for clinical applications

Nucleic Acids Research Advance Access published May 6, 2014 2,3,%
Nueleic Acids Research, 2014 1
doi: 10. 1093 Inarlghud07 |y,

A web-based interactive framework to assist in the
prioritization of disease candidate genes in
whole-exome sequencing studies

Alejal Nucleic Acids Research Advance Access published April 20, 2015

Joaq Nucleic Acids Research, 2015 1

e doi: 10,1093 Inarlglkvig4
om

2Bioini

*rel - Babelomics 5.0: functional interpretation for new
generations of genomic data

Published online 8 June 2013 Nucleic Acids Research, 2013, Vol. 41, Web Server issue  Wil-Wis
doi: 01093 narfgki530

Genome Maps, a new generation genome browser

Ignaj Nucleic Acids Research Advance Access published April 16, 2015

Rob Nugleie Acids Research, 2015 1
doi: 101093 Inarlgkv349

Assessing the impact of mutations found in next

generation sequencing data over human signaling
nathwavs

OPEN & ACCESS Freely available online “ PLoS one

Multidimensional Gene Set Analysis of Genomic Data

David Montaner'?, Joaquin Dopazo'23**

Tutorial: web tools




Cursos y colaboraciones

@ Curso CIBERER de analisis de datos
gendmico, 28-30 Sep 2015 en Valencia.

@ Colaboraciones entre grupos CIBER:
ayudas de movilidad.

@ http://bioinfo.cipf.es/

- NGS Data Analysis: RNA, Whole Exome and Gene Panel



